Study objective-The main purpose of the study was to determine whether the health or economic status of a cohort of residents in an economically troubled geographical area changed between 1990 and 1993. Design-Longitudinal, single cohort, interview survey method with the key variables of health status and economic status. Quasi-experimental pre-post design with economic rebound as the intervention. Setting-A relatively low income geographical area in a rural, mountainous region before and after an economic rebound. In 1990, the local economy and health care system collapsed because of the closure of a series of manufacturing plants; outward migration from the area peaked. Between 1990 and 1993, new industries opened, and state and private community assistance programmes intervened, resulting in an economic rebound, migration into the area, and marked growth of the health service sector. Participants-A 2% sample of residents of households, using a combination of random, stratified, and clustered sampling. Residents included in the study had lived within the area throughout the 1990-1993 period of the study. Main results-Stable, non-migrating residents had a statistically significant 7% reduction in health status between 1990 and 1993, as measured by a composite of subjective and objective measures. The non-migrating residents also had a significant decrease in average household income ($14 700 in 1990 and $12 400 in 1993 in constant 1990 dollars) during the strong economic expansion, and therefore did not participate in or receive direct economic benefit from the expansion. There was a rapid population increase during the expansion, attributable to inward migrants who were younger and healthier than existing residents. The decline in health for the non-migrating residents was tentatively attributed to either direct or indirect eVects of the decline in family income. Conclusions-Local economic development accompanied by expanded health care services availability can leave existing area residents poorer and less healthy, and this problem may be masked by an abundance of healthier, wealthier inward migrants.
Although there have been many studies on the subject, a general consensus on the link between economy and health is lacking. Certainly, economic growth in industrialised countries in the past century has been associated with increased longevity and lower mortality, but the key factors could be increased knowledge in the biomedical sciences, improved public health programmes (such as vaccination programmes), or improved health promoting practices by an increasingly more educated public.
1 2 Economic recessions and expansions in the past decades have been not always been associated with changes in population health in the anticipated direction, either in the industrialised countries [3] [4] [5] [6] [7] [8] [9] [10] or in developing countries. [11] [12] [13] [14] [15] [16] The analysis is complicated in the United States by the geographical association of population density, and thereby economic activity, with health. That is, residents of rural areas have a lower age adjusted death rate than their urban counterparts. The lower probability of death in geographical areas of low economic activity is not limited to a few major diseases, but instead it is lower for all causes of death. 17 18 Few studies have focused on the health eVects of local economic fluctuations of suYcient degree to cause changes in health services to a specific community. Bindman et al 19 and Muus et al 20 studied the health eVects of a public hospital closure in a small community. Patients of the hospital completed a health assessment survey before the hospital closed and then completed another survey one year after the hospital closed. Bindman et al 19 found a decline in self reported health status, which was attributed to hospital closure. Another study by Fihn and Wicher 21 found that the withdrawal of medical services to indigent patients led to excessive mortality and hospital admissions, perhaps because of the absence of transportation and access to other clinic sites.
On the other hand, Krakauer et al 22 studied the relation between density of health services and both morbidity and mortality in a national sample using a combination of federal databases. Although measures of local area economic activity were not incorporated into the study, neither the density of physicians, the density of hospitals, nor the medical specialty mix in a particular market area had any significant eVect on mortality or morbidity. This implies that economic recessions and hospital closures have no eVect on community health.
The lack of consensus to date can be attributed to many potential factors because the studies have a great variety of approaches and have sampled populations with diVerent characteristics. Another factor is that few had experimental or even quasi-experimental designs. Most were cross sectional in nature, comparing diVerent populations in diVerent places or diVerent times. The problem with cross sectional approaches is that it can be difficult to extract the important links from among many mutually dependent and correlated economic and health measures. Consequently, this study was conducted using a longitudinal design in an eVort to determine whether a geographically localised economic upturn in a relatively isolated, poor, rural region that led to major expansions in local health care services was accompanied by measurable increases in the health and well being of residents in the region.
Methods

SETTING
The sample frame was all residents in a geographical area called Johnson County, Tennessee (population about 14 000), which is a mountainous region with no controlled access highways (interstate highways) and only one incorporated town within its borders (population 2169 in 1990). The county is designated by the US Government as 100% rural and as a Health Professions Shortage Area. The county was selected for the following reasons: (1) a high percentage of the population lived in poverty, (2) poverty was exacerbated by a local economic downturn, and (3) an economic downturn diminished health care services in the county. All areas of the county were within a two hour drive of the university based oYces of the investigators and interviewers, which was important to the financial feasibility of conducting this study. COHORT A systematic sample of households was drawn from a listing of dwellings in the area according to seven diVerent geographical divisions or strata. Every person 16 years of age or over was interviewed in each dwelling, and data on persons 15 years or younger was provided by proxy from an adult household member.
The interviews were repeated in both 1991 and 1993 at the same households sampled in 1990. The present report is based on a 2% sample of residents of the area that had the following characteristics: (1) over 18 years of age, (2) lived in the county (although not necessarily at the same address) in both the 1990 and 1993 survey. As described in the results section, the area had experienced some major changes in its economy during this time period, resulting in a relatively high level of emigration and immigration. The present cohort had remained in the county through this period, which enabled a pair-wise comparison of diVerences in the cohort over time without the complication of shifts in sample composition caused by immigration or emigration.
In 1990, interviews were attempted with 541 residents, of whom 15 refused, resulting in 526 interviews in 220 homes (97.2% interview success rate). Another 16% refused in 1991 and 38% in 1993. Between 1990 (when the area was in the depths of a local economic recession) and 1993, 94 residents either positively migrated out of the county (and hence the sample frame) or were assumed to have migrated by the process of elimination because they were not found in typical sources (inquiries with neighbours or known relatives, telephone book, forwarding addresses with post oYce). This corresponds to an out of county migration rate of 6.0% per year, a rate close to the national average of 6.3% per year. 23 In 1993, there were 354 successful interviews in 175 homes for a total loss of 32.6% of interviewed residents between 1990 and 1993. The 1993 only interview success rate was 85%. Of these, 274 were over the age of 15 and consequently formed the sample for the study.
INSTRUMENTS
The survey used by the interviewers consisted of 48 items in 1990, 62 items in 1991, and 56 items in 1993. Five domains were covered in the following order: (1) health status and work limitations, (2) employment, (3) access to health care services, (4) perceptions of problems in the area, (5) demographic data. Items of basic significance were maintained through all three surveys (34%), but items that provided highly skewed responses or a great number of missing responses in 1990 were modified (50%) or dropped (16%) in subsequent surveys. The 1991 and 1993 surveys were nearly identical, with 88% overlap between the items. All but two of the variables in the analysis came from the basic group of unmodified items.
Reliability and validity.
For convenience in analysis, a single, physical health factor score was devised by merging the available measures of physical health, and its reliability and validity was assessed. The motivation was to have a single score that combined both the subjective and objective measures of health, all of which were closely correlated, as discussed below. The self reported health status (h), physical health score (d) from the Duke Health Profile, 24 and number of self reported medical conditions (c) were equally weighted and combined into the health factor score (f) as follows:
where ln is the natural logarithm. Variable d varied from 0 to 100, 24 h varied from 1 (excellent) to 4 (poor), and c varied from 0 to 3 (see Appendix). The health factor score f varied from 0 (poor health) to 1 (excellent health).
By virtue of the fact that all three variables are related to a person's physical health, the health factor score has construct validity. Self reported health 25 and the Duke Health Profile 24 have been shown to be valid predictors of future health. The internal validity was measured in two ways. Firstly, by the multiple correlation coeYcient for the above three variables, which was r 2 = 0.68. Secondly, by the correlation of the original three variables to the health factor score: the correlation coeYcients were 0.85 for h, 0.88 for d, and 0.87 for c. To reiterate a point made in a previous paragraph, the impetus for combining these variables into a single score was the above multicolinearity. Measurements of the external validity were not done in this study, but the external validity of the three items that comprise f has been documented in relation to the external criteria of number of days in hospital per year and probability of death. [24] [25] [26] The reliability of f was = 0.91, as measured using the repeated test split half method with the Spearman-Brown correction. The interviews of 1990 and 1991 served as the repeated tests, and the assumption implicit in the reliability test was that the health status of the subjects did not change in this interval. Of course, the health status of people does change over the course of a year, so even the relatively high reliability of 0.91 is just a lower bound.
DATA ANALYSIS
The investigators coded the open ended interview responses. The coded data were entered into computers separately for each year using the SPSS program, and subsequently all three years were merged into a single database in which all responses for a given subject were on the same row of the data matrix.
Cases were weighted during the statistical analysis to compensate for the clustered, stratified sample design. 27 All weights were the sample selection type and were equal to the inverse of the probability of a case being selected for each cluster and stratum. The weights were relative weights, and had a mean of 1.0 and standard deviation of 0.32.
The statistical analysis used a hierarchy of parametric and non-parametric, univariate and bivariate statistics, including the t test, analysis of variance (one way and repeated measures), and Spearman or Pearson correlation coefficient. The particular test used depended on whether the variable was interval, ordinal, or nominal, and whether or not it had a unimodal distribution with tails on each side of the mode. Hypothesis testing was conducted using either the one tailed or two tailed version of the paired t test, which is a relatively conservative approach, blindly in all comparisons in this study. The significance levels of the statistical hypothesis tests were adjusted for the number of comparisons by dividing the significance level for each test by the total number of separate hypotheses tested, which was counted as 14 (that is, p adj = p raw / 14). After adjustment, the level at which the null hypothesis was rejected was p = 0.05. All p values given in the text and tables are adjusted.
To provide the maximum information in table 1 in the simplest form possible, categorical variables are shown but statistical calculations of the p values were based on the underlying continuous or ordinal variable. Although it is unconventional to display categorical percentage next to p values derived from an interval or ordinal hypothesis test, it is not erroneous or misleading because the two correspond closely or, under many circumstances, identically.
Results
OVERVIEW OF ECONOMY AND HEALTH SERVICES
Recent data from the US Census Bureau (STF3c data file) show that the geographical area herein studied (called Johnson County) was in the depths of a locally severe recession in 1989 and 1990 (fig 1) . The primary employers in the area were in the manufacturing sector, and there was a 20% reduction in the number of manufacturing jobs over five years. As jobs decreased, the total population began to drop because of an outward migration of displaced workers. The population in the geographical area had experienced a 10% growth rate in the previous decade but now declined by 3% over five years (see 1985 to 1990 in fig 1) . After the closure of the largest manufacturing plant in the study area in 1989, the unemployment rate transiently surpassed 30%. 27 The number of health care providers also decreased markedly in correlation with the decline in the number of manufacturing jobs. At its lowest point in 1989, the only hospital in the county had closed, and there were only three generalist physicians in a county of over 13 000 people. The reduction in health care providers was accompanied by decreases in measures of community health. That is, both the death rate and the number of births for which prenatal care was inadequate increased slightly (fig 1) . After 1990, new manufacturing and government employment led to a relatively abrupt reversal of the negative trend. All indicators improved from 1990 to 1993, and the sole county hospital reopened. The connection between the economy and the geographical density of physicians was a reflection of the fact that the total number of medical doctors was more closely correlated with the number of employed persons in the study area than any other variable compared in the present study (Pearson's r = 0.86 ± 0.66 95% confidence intervals (CI) for 1985-1993 period; n = 9).
Figure 1 Summary of the economy, health service accessibility, and health indicators in the exact geographical area in which the study was conducted. Population per death is the inverse of death rate; and prenatal care reflects the percentage of births in which prenatal
DEMOGRAPHIC CHARACTERISTICS OF THE
RESIDENTS
The average age of the 274 subjects was 53.0 (16.7 SD) with a range of 18 to 87 in 1990. The gender proportion was 57.9% female and 42.1% male. The racial composition of the sample, like the area population, was almost entirely white (99.5%). Twenty six per cent had never attended high school (< 10 years of education), 35.1% per cent had graduated from high school (13 years of education), and 5.2% had graduated from a four year college programme (>17 years of education). Seventy five per cent of residents were married (in both 1990 and 1993), and 18% were divorced, separated, or widowed in 1990, and 18% in 1993.
National government statistics (from US Census Bureau) indicate that 28.5% of in the study area residents were below the poverty line in 1990. The poverty line changes annually and none of the items in this study permit an exact comparison to the US Census Bureau percentage; however, there is an approximate correspondence in that 24.1% of the residents reported incomes under $10 000 in 1990 and 42.9% reported incomes under $15 000.
The study area was comprised of a relatively low proportion of transient or migrating residents before 1990. Sixty one per cent of the 274 residents interviewed were born and raised in the county. Ninety two per cent had lived there 10 years or more, and only 3% had lived there three years or less. Sixty nine per cent had lived at their present address for 10 years or more and 13.1% had lived at their present address for three years or less. A large immigration flow that increased county population by 18% between 1990 and 1993 modified these figures significantly, as described next. COMPARISON The interview responses of adults (defined as persons born before 1 January 1972) were compared in the years 1990 and 1993. These years were chosen because of all of the years in which we conducted the countywide household interview survey, 1990 and 1993 represented the worst and best years for the area, respectively (fig 1) . In research terms, the study had a quasi-experimental pre-post design with the economic recovery comprising the intervention.
Employment and income
As table 1 shows, four times as many residents in the sample reported that they were unemployed in 1990 or 1991 than in 1992 or 1993 years. In 1993, 57.3% of residents said that life in the area had improved, 36.4% said it was the same, and 6.4% said it was worse. There was evidence that diVerent families tended to live together and that households had a greater number of people during the local economic downturn. The average household size was 2.70 ±0.16 95%CI in 1990 as compared with 2.42 ± 0.12 95%CI in 1993 (n=274 ). A greater proportion of the households was comprised of multiple unrelated families or multiple generation families (three or more generations, or two generations with extended family members) during the downturn. There were 53 such households in 1990, but only 41 in 1993. This was interpreted as a reflection of the reduced number of jobs in 1990, which caused economic hardship for many people, forcing them to move in with friends or relatives.
Paradoxically, the raw annual income per household was lower in 1993 than 1990, and the diVerence was statistically significant (t=3.83, p<0.0005). When adjusted for the eVects of monetary inflation, the diVerence was even greater. The income was adjusted for an inflation rate of 3%, which is a conservative figure because US oYcial estimates (known as the consumer price index) showed annual increases that ranged from 3.0 to 5.4% in the 1990 to 1993 years. The average inflation adjusted income was estimated at $14 700 in 1990 and $12 400 in 1993 in constant 1990 dollars (using linear interpolation across income categories). This finding persisted after five new retirees were removed from the sample after restricting the sample to residents with household incomes under $15 000. It would thus appear that many of the residents who stayed in the area and weathered the local recession accepted lower wage jobs, and their wages were still low after the economic rebound was complete. An analysis of job types showed an increase in the number of service and managerial jobs (from 22 to 34) and a decrease in the number of professional jobs (from 23 to 10) in this sample, which supports this interpretation. If it is considered that the income per capita rose 8.7% in the county and the total county personal income rose 23.2% from 1990 to 1993 (US Census Bureau, 1996), then we must conclude that the new job openings during the recovery years would appear to have primarily gone to the large numbers of people who migrated into the county after 1990.
Health status
The physical health of the interviewed cohort dropped between 1990 and 1993 according to several separate measures. As table 1 shows, self reported health diminished, the number of medical problems reported increased, and the physical health score from Duke Health Profile decreased. Specifically, the diVerence in self reported health on a 4 point scale from excellent (1) to poor (4) was 2.33 (0.94 SD) in 1990 and 2.46 (0.86) in 1993, which was statistically significant (t=2.75, p<0.05, n=274). The physical health score on the Duke Health Profile 24 on a 100 point scale from 0 (poor health) to 100 (excellent health) dropped from a mean of 62.4 (28.3 SD) to 58.1 (26.6 SD) (t=3.31, p<0.01, n=268). Each subject was asked to list all medical conditions with which they were aYliated, such as arthritis, diabetes, heart problems, etc. The mean number of conditions increased from 0.63 (0.79 SD) per person in 1990 to 0.80 (1.10) per person in 1993 (t = −3.02, p<.05, n=274). The number of visits to health care providers increased somewhat from 4.22 to 4.77 visits per year; however, the diVerence was not significant (p>0.3). To sum up, several diVerent self reported measures of health status seem to indicate that health had declined between 1990 and 1993.
The decline in physical health indices was not apparently accompanied by increased depression or anxiety, however. In fact, the mental health score from the Duke Health Profile improved slightly, from 79.1 (19.1 SD) to 81.2 (19.3), but the diVerence was not significant (t=−1.6, p>0.3). This finding is in keeping with the positive outlook that residents had in 1993, as described above, where 57.3% of residents stated that life in the area had improved.
Given that the number of health problems increased between 1990 and 1993, we investigated the type of problems. Specifically, there were 48 more conditions reported across all interviewed residents in 1993 than 1990, and the identity of these conditions was sought. The 48 new conditions were varied in nature, with few cases of any particular type. In fact, the numbers within major disease categories became too small for any meaningful analysis. The top three conditions that increased in prevalence were arthritis (16 new cases), heart problems (10 new cases), visual or hearing problems (8 new cases). Expressed in terms of physiological systems, the top three were musculoskeletal system (21 new cases), nervous system (14 new cases), and cardiovascular system (12 new cases). There were also three new cases of diabetes, three new cases of other endocrine or immunological problems, and two new cases of stomach or digestive cancer. The sample sizes are too small for a definitive comparison, but the above distribution of diseases is comparable to the major causes of medical morbidity and impairment in industrialised nations, showing no unusual dominance of any particular disorder. This would be consistent with the notion that a very general risk factor, one related to a wide variety of disorders, increased during the 1990 to 1993 period. Examples of such risk factors are age, family income, education level, weight-height ratio, and many others.
EXPLAINING THE DECLINING HEALTH RATINGS
It was not possible with the data to deduce the explanation for the apparent reduction in health between 1990 and 1993. It was possible to rule out a number of potential explanations, as follows.
Although the data were limited in this regard, there appeared to be a general increase across a broad spectrum of common disorders. A marked increase in the incidence of a particular disease was ruled out.
The possibility existed that the aging of the cohort by three years could explain the health reduction between 1990 and 1993. The health status variables were converted into a single health factor score, as described in the Methods section. The purpose was to have a single dependent variable that represented physical health rather than the three highly correlated dependent variables, for simplicity in the further analyses. The average health factor score was 0.643 in 1990 and 0.602 in 1993, for a 7% reduction in three years. Figure 2 shows the decline in the health factor score with age. Note that with the exception of the KEY POINTS x Rapid economic expansion in a community led to a paradoxical decline in income and health among permanent residents. x The health decline was accounted for by the income decline, but not by any other measured factors. x The new jobs created during expansion appeared to either pay less or be filled by non-residents who subsequently migrated into the community. x A concurrent expansion of health care services was not accompanied by reduced driving times or increased visits to health care providers.
youngest age group, all groups show an age dependent decline in the health score. The three year decline is, however, far in excess of that expected by age alone. This was quantified by a repeated measures analysis of variance in which the health score in diVerent years was the within subjects eVect and the age group was the between subjects eVect. The 1990-1993 diVerence had a 2 of 0.015 and age group had a 2 of 0.178. The ratio is the square root of 0.015/0.178 or 29%. That is, the three year reduction in health was roughly equivalent of one third of an adult life span of about 55 years (that is, 73−18), not just a three year period. Therefore, we conclude that only about one sixth (3 years ÷ 29% × 55 years) of the reduction in health between 1990 and 1993 is caused by eVects of aging three years.
To check on the possibility that the 1993 health reduction was a statistical aberration, data from a 1991 cohort interview were analysed to see if there was any sign of a gradual reduction in health. Data on the health status of the present cohort was collected in 1991, but not in 1992. The combined health factor score was 0.643 (0.276 SD) in 1990, 0.631 (0.283) in 1991, and 0.602 (0.270) in 1993. In fact, all three health measures that are used to compute the health factor score (self rated health, physical health from the Duke Health Profile, and number of conditions) had values in 1991 that were intermediate between 1990 and 1993. The incremental reductions in health score are consequently unlikely to be a statistical aberration.
Several other possible explanations were ruled out. DiVerences in the order of the interview items in 1990 and 1993 could hypothetically explain the health decline. This was ruled out because the self rated health item is one of the first items posed in the interview in both surveys, and as noted above, it declined. The possibility was tested that it could be explained by diVerences in the particular month that the subjects were interviewed in 1990 and 1993. A one way analysis of variance was conducted using self rated health as the independent variable and the month of the interview as the dependent variable. The eVect of the month of interview was not significant, nor was there a trend towards significance (F=1.04, p >0.4).
The last possibility tested was that the health decline was related in some way to income or workload. The Spearman non-parametric correlation was calculated for the relation between number of jobs worked simultaneously at the time of the interview and health factor score (limited to the subsample of workers in the age range of 18 to 65).
In a cross sectional analysis of 1990 data, the number of jobs worked had no discernible eVect on health factor score (r=−0.071, 95%CI = ± 0.13). Health did, however, vary with income (r=0.30, 95%CI = ± 0.13). Variations in occupational workload were thus ruled out. Tenable explanations that could not be ruled out by these data will be discussed in the following section.
Discussion
A period of recovery from economic distress in the rural community under study was paralleled by growth in the medical service sector. Two paradoxical findings resulted: (1) Self reported health status of residents was significantly lower after the economic recovery. (2) Despite the marked economic improvement as reflected in oYcial government statistics, the income of the non-migrating residents went down, even after excluding new retirees from the cohort. These findings will be discussed separately.
DECLINE IN HEALTH STATUS MEASUREMENT
With regard to the health reduction, several possible explanations were ruled out in the results section. The reduction was not found to because of: (1) the normal eVects of aging, (2) a statistical aberration that deviated from some other time trend, (3) chance selection of an uncharacteristic sample of county residents, (4) diVerences in the order of interview items, (5) seasonal diVerences in health, or (6) increased or decreased occupational workloads.
Explanations that were not ruled out and remain plausible include: (1) The expansion of health services and community health screenings increased individual awareness of the existence of any personal medical problems, 28 and (2) Health decline was real and caused by a paradoxical decline in family income during the economic rebound. Weak evidence was found that supported the second possibility as the more likely of the two. The most common year in which the resident's main limiting health condition was first noticed was in 1986 or 1988 and not 1992 or 1993. Moreover, there was no increase in the number of residents with health conditions that were first noticed in 1992 or 1993. Neither of these are fully consistent with the first explanation. On the other hand, other studies have shown that health access can indeed aVect health services utilisation and self rated health. 28 29 With regard to the second possible explanation, evidence for contribution of income decline to the health decline was found in the form of a concurrence in a longitudinal analysis (table 1) and an association in a cross sectional analysis (see Results section). Moreover, personal income is among the most well established of known risk factors for poor health, aVecting a broad spectrum of disorders. [30] [31] [32] [33] [34] [35] [36] This is consistent with the finding (see Results) that there was an increase in the prevalence of a broad range of common disorders.
The explanation for the income-health connection is a major puzzle in epidemiology and community health. A minimum level of health is clearly required to produce an income. 37 However, this is not the full explanation. Ettner 38 used a two stage probit analysis on US survey data to adjust for the main eVect of health on income level, and found statistical evidence for a strong reverse eVect of income on health. A full treatise of this problem is beyond the scope of this study, but the following statement can be made: The bulk of the evidence from this and other studies best support the explanation that the health decline over a three year local economic expansion was a consequence of an income reduction in the non-migrating residents.
The ensuing question was posed of how real income could decrease during a strong economic rebound. The answer is that the bulk of new employment in the county went to workers that relocated from other areas. According to government statistics on the geographical area studied (US Census files CB96-32 Rel. 3/8/96), the population increased from 13 766 residents in 1990 to 15 235 residents in 1993. The population under 65 years of age increased 12.2% (from 11 512 to 12 960) over this period, but the population over 65 years of age increased only 3.3% (from 2254 to 2329). Consequently, the inward migrants tended to be younger and healthier than existing residents, and appear to be the main beneficiaries of the economic growth.
The next part of the discussion concerns the general question of whether there is a link between the economic status of the health services sector and population health generally. As important as this issue is, there are few studies that squarely evaluate health service economics and health. One of these studies is that of Krakauer et al, 22 who studied the relation of the geographical density of health services to morbidity and mortality in 1.9 million patients across 803 health care market areas across the nation. Neither the density of physicians, the density of hospitals, nor the medical specialty mix in a particular market area had any significant eVect on mortality or morbidity. These findings and others, 29 although not decisive, contrast markedly with the worries that communities have when local hospitals close. 20 The findings in this study are the opposite of those of Bindman et al. 19 The foregoing investigators found the health of hospital users in a rural community to diminish after the hospital closed. The number of patients who reported that they had no regular health care provider increased from 14% to 28% one year after the closure; whereas in the present study, however, there was no diVerence after hospital reopening. Bindman et al 19 found a statistically significant decline in self reported health status (at p<0.05) after hospital closure, whereas we found a significant, paradoxical decline after hospital reopening.
There are many diVerences between the two studies that could account for the discrepancy. Bindman et al 19 studied the eVect of hospital closure in 1988 on former inpatients; whereas we studied the eVect of hospital reopening in 1992 on a sample of all residents. In an attempt to make our study more comparable to that of Bindman et al, 19 we conducted a separate post hoc analysis of the health status of a subsample who had been inpatients (in one or more of the past five years) and found little diVerence in health decline as compared with the full sample (decline of 0.051 in F for 148 inpatients compared with decline of 0.063 for 138 noninpatients). This contrasts with the findings of Bindman et al. 19 It is possible the health reduction upon hospital closure in their sample of inpatients was actually because of income decline and not hospital closure, regardless of whether the local economy was expanding or receding. This possibility receives further support when the wider question is considered of whether or not economic upturns and downturns have a measurable eVect on population health.
Previous studies on the relation between health and economic growth have been mixed. Brenner 3 and Bunn 4 reported that periods of recession were accompanied by increases in heart disease and stroke. However, these findings were not replicated in other studies. 5 6 Trent 8 found evidence in government data of diminished mental health and well being during a recession, as did Catalano. 7 The two latter authors diVered in that Catalano 7 found weaker evidence for increased suicide, neonatal deaths, or heart disease. As far as morbidity is concerned, AronoV 9 pointed out that disability epidemics are the rule during economic recessions, but that they are caused not only by objective impairment but also by diminished job satisfaction and financial security. Miller et al 10 noted that the health of children has not declined in recent US recessions, and attributed this to protection by expanded health and social services. In regions with small industrial economies, economic recessions and recoveries have been associated with outbreaks of disease, 11 39 40 whereas economic development has been associated with improved nutrition and life expectancy. 12 Sanders and Davies, 13 Brinkmann, 14 and Finau, 15 Alzaid et al 16 found instances where economic growth had mixed or detrimental eVects on community health, similar to the present study. Taken together, these studies show that economic growth is generally, but not always, associated with increases in population health. Mitigating factors often neutralise or reverse the economyhealth relation. The fact that some studies have previously found inverse relations between economy and community health provides an indirect validation of the present findings.
LIMITATIONS
Before drawing the final conclusion from this analysis, limitations to our findings need to be presented. This study is based completely on data reported by interviewed residents, and of course, people do not always answer factually in interview surveys. The key dependent variable in this study (health status) was shown to be valid (see Methods); however other more sensitive or controversial variables may be less valid, such as self report income or coverage by health insurance. On the other hand, the agreement between the US Census data and the present income averages, argues in favour of at least a moderate validity. When reviewing the data and findings of this study, the possibility that residents may unintentionally provide erroneous information needs to be considered.
This study was a case study in one type of rural area. The findings can accordingly only be extrapolated directly to areas with similar demographic, economic, and geographical characteristics. Although such areas are not great in number, they hold populations that have the lowest income, employment opportunities, and health care options in the US and in other countries. Whether or not the findings apply globally to residents who stay put during economic recessions remains to be determined.
Conclusions
When our findings and those of the other investigators discussed above are considered together with the diVerent strengths and weaknesses of the diVering data, we settle on the following general conclusions: Economic recoveries suYcient in size to lead to marked expansions in local health services can be accompanied by decrements in the health of residents. Economic development may only be beneficial to new residents who migrate into an area during or after the economic rebound. 
